The plasma membrane of the bovine renal collecting duct epithelial cell has been resolved into its apical (luminal) and basal-lateral (contraluminal) components by free flow electr4iphoresis. The contraluminal, but not the luminal, membrane was found to contain antidiuretic hormone-sensitive adenylate cyclase. The luminal membrane was found to contain a cyclic 3': 5'-adenosine monophosphate-sensitive self-phosphorylating system consisting of a membrane-bound protein kinase and its membrane-bound substrate(s); this intrinsic protein kinase was not present in the contraluminal membrane.
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These findings provide direct evidence that the initiating steps in the action of antidiuretic hormone on the kidney take place at the contraluminal pole of the hormonesensitive target cell and that the late or terminal steps occur at the luminal pole, where they involve an alteration in the level of membrane phosphorylation. Hormone action at the cellular level involves a sequence of events starting with the selective binding of hormone to receptor and culminating in a biochemical or biophysical effector process (1) (2) (3) . It is now generally accepted that the activation of adenylate cyclases and protein kinases constitute intermediate steps in the action of several peptide hormones, and it has been hypothesized recently that phosphorylation of plasma membrane components, catalyzed by cyclic 3': 5'-adenosine monophosphate (cAMP)-dependent protein kinases, may be implicated in the antidiuretic action of neurohypophyseal hormones (3) (4) (5) (6) (7) (8) .
Recently we have shown that parathyroid hormone (PT hormone)-sensitive adenylate cyclase is localized in the contraluminal (basal-lateral) but not in the luminal (apical) plasma membranes of rat renal cortical epithelial cells, whereas cAMP-dependent phosphorylation occurs in the luminal but not the contraluminal membranes (9, 10) . To determine whether a similar enzymatic distribution occurs in other segments of the nephron, we have investigated the localization of antidiuretic hormone (AD hormone)-sensitive adenylate cyclase and of cAMP-dependent protein kinase in the papillary collecting duct epithelium. The results of these studies indicate that AD hormone-stimulated cAMP generation is localized in the contraluminal plasma membrane, whereas cAMP-mediated membrane phosphorylation is localized in the luminal plasma membrane. The latter localization-in conjunction with the well-established luminal site 15 strokes with a tight-fitting pestle. This homogenate was centrifuged at 700 X g for 10 min; the supernatant was centrifuged at 10,000 X g for 10 mmi. The second supernatant was saved and the pellet resuspended in 5 ml of STbuffer. Then 10 ml of ST-buffer was added and the suspension centrifuged for 10 min at 10,000 X g. The resulting supernatant was combined with the "saved" supernatant and the solution was centrifuged at 100,000 X g for 1 hr. The pellet was suspended in 4 ml of electrophoresis buffer (8.5 mM acetic acid, 8 .5 mM triethanolamine, and 280 mM sucrose adjusted to pH 7.4 with 2 M NaOH), homogenized with 10 strokes in the tight-fitting Dounce honiogenizer, and diluted to a final volume of 10 ml with the electrophoresis buffer. The resulting preparation, observed by electron microscopy to consist of membrane fragments and vesicles, was used to study the properties of papillary plasma membranes prior to electrophoretic separation.
To prepare for electrophoresis, we centrifuged the papillary plasma membranes three times for 10 min at 3000 X g in order to remove aggregates. The supernatant of the last centrifugation was rehomogenized by five strokes in the tightfitting Dounce homogenizer and subjected to free flow electrophoresis as developed by Hannig (14) Dephosphorylation of papillary plasma membranes was not observed in the presence or in the absence of cAMP during a 10-min interval following a 10-fold dilution of the maximally phosphorylated preparation (ATP concentration reduced from 25 pM to 2.5 AM to limit any further 32p incorporation).
Fractionation of Plasma Membranes into Luminal and Contraluminal Components. On free flow electrophoresis, membrane fragments containing AD hormone-sensitive adenylate cyclase and Ca-ATPase (fraction I) were separated from fragments containing cAMP-dependent protein kinase and HCOrATPase (fraction II) (Fig. 1) . In analogy to the proximal tubule, Ca-ATPase (24) and HCO3-ATPase (25) were used as marker enzymes for the contraluminal and luminal plasma membranes, respectively. As shown in Table 1 , the enrichment of Ca-ATPase activity in fraction I and the enrichment of HCO3-ATPase activity in fraction II identified these membrane fractions as contraluminal and luminal, respectively. Inasmuch as HCO3-ATPase is a constituent of mitochondria as well as the luminal plasma membrane, the succinate dehydrogenase activity of the separated membranes was measured. The low succinate dehydrogenase activity in either of the membrane fractions (Table 1) indicates an absence of significant mitochondrial contamination. Similarly the fluoride-stimulated adenylate cyclase activity in the contraluminal membrane fraction was strikingly greater than in the luminal fraction (Fig. 3) .
In sharp contrast to the contraluminal localization of adenylate cyclase, the protein kinase activity of the collecting duct epithelial cells is confined to the luminal membrane fraction (Fig. 4) . It should be noted (a) that the luminal plasma membrane is itself an intrinsic substrate for its protein kinase and (b) that the addition of cytosolic protein kinase, extracted from the papillary tissue, does not substantially increase the cAMP-dependent phosphorylation of the luminal membrane (i.e., the luminal membrane is a poor substrate for cytosolic kinase) (Fig. 5) .
DISCUSSION
Recently several groups have isolated and characterized plasma membranes from renal medullary tissue (6, (26) (27) (28) (29) (30) . In the present study, purified plasma membranes from cells of the papillary collecting duct have been resolved into luminal and contraluminal membrane fractions. We have relied on enzymatic markers to characterize these fractions because, although electron micrographs showed membrane fragments and vesicles in all sections, no clear-cut differences in these elements could be observed when glutaraldehyde-fixed thin sections or negatively stained preparations of the luminal and contraluminal fractions were compared.
Ca-ATPase was selected as the marker for the contraluminal fraction of the papillary plasma membranes because this enzyme was found to be exclusively localized in the basal infoldings of the proximal tubule cells in the rat kidney (24) and because histochemical evidence suggested that CaATPase is present only on the basal and lateral surfaces of epithelial cells of the collecting duct (31) . The localization of adenylate cyclase in the membrane fraction containing CaATPase activity reinforces the conclusion that this membrane component was derived from the contraluminal pole, since it is well known that epithelial cells containing adenylate cyclase systems are activated only when the hormone reaches their serosal surface (32) (33) (34) . In addition, since PT hormonesensitive adenylate cyclase has been found to be localized in the contraluminal membrane of the proximal tubule epithelial cell (9, 10) , it would appear that hormone-sensitive cyclases are similarly localized throughout the nephron.
HC03-ATPase was selected as a marker for the luminal membranes of the collecting duct epithelial cell because this enzyme has been shown to be contained exclusively in the brush border fraction of the proximal tubular epithelial cell membrane (25) , where it is probably implicated in the process by which proximal tubular urine is acidified; it is reasonable to assume a similar luminal localization in the collecting duct, which is also a site of urinary acidification (35) .
Although the classical markers for the luminal and contraluminal membranes in the proximal tubular epithelial cells are alkaline phosphatase and sodium-potassium-stimulated ATPase, respectively, the activity of these enzymes in the papillary plasma membranes was too low to allow either to be used as a marker enzyme.
The failure of AD hormone to elicit its characteristic hydroosmotic action when presented to the luminal surface of the toad bladder (11) (12) (13) 34) and renal collecting duct (32) led to the suggestion that the AD hormone receptors are present only at the contraluminal cell surface; however, Havran et al. (36) have shown that a maximal hydroosmotic response can be elicited when AD hormone is presented at the luminal surface of the toad bladder, provided that its concentration in the luminal medium is increased by 4 orders of magnitude. Therefore the question arose whether the hormone at high concentration was penetrating the tight junction or the cell itself to initiate the hormonal reaction sequence from the serosal (contraluminal) cell surface, or whether the hormone was reacting with a low-affinity cyclase system actually present in the luminal membrane. The latter alternative appears now to be ruled out by the finding of a specific localization of adenylate cyclase in the contraluminal membrane of an AD hormone-sensitive cell (Figs. 1 and 2) .
Although the response to arginine vasopressin was less than had been observed in other renal medullary preparations (23, (26) (27) (28) (29) (30) , the adenylate cyclase in the papillary membranes was stimulated only by neurohypophyseal hormones, confirming that the AD hormone receptor is highly discriminatory. The decrease in hormone sensitivity may be related to the very extensive homogenization procedure employed in order to obtain a preparation suitable for the electrophoretic separation.
The polarity of the collecting duct epithelial cell is further emphasized by the localization of a cAMP-dependent protein kinase in the luminal membrane. The properties of this enzyme are very similar to those of other cAMP-dependent protein kinases, although there are some important differences. The concentration of cAMP needed for half-maximal stimulation of the intrinsic protein kinase was 0.3 4uM, a value higher than that reported for most other protein kinases. However, it should be noted that a cAMP concentration of 0.5 IM was needed to achieve half-maximal stimulation of the papillary cytosolic protein kinase with histone as substrate.
Dou~a et al. (6) proposed that the AD hormone-sensitive diffusion barrier of the luminal membrane of collecting duct epithelial cells is a specific substrate for a cytosolic protein kinase. Our results demonstrate that the luminal membrane is indeed preferentially phosphorylated. However, this phosphorylation was found to be catalyzed by the membranebound enzyme and was not significantly increased by the presence of the cytosolic protein kinase, suggesting that enzyme-substrate proximity-as well as enzyme-substrate specificity-may be a critical feature of the cAMP-mediated alteration in permeability of the luminal membrane. That the increased luminal membrane permeability results from a cAMP-mediated increase in the level of phosphorylation is suggested not only by the existence of an intrinsic protein kinase, but also by the absence of cAMP-dependent phosphoprotein phosphatase activity. The latter finding in renal papillary plasma membranes differs from the observation of DeLorenzo et al. (37, 38) , who noted activation by cAMP of an intrinsic phosphoprotein phosphatase acting on a specific protein in a membrane fraction from toad bladder. That such a phenomenon also occurs in renal membranes cannot be excluded at the present time because it is possible that dephosphorylation of some specific phosphoprotein(s) may be masked by a predominating concurrent phosphorylation of other membrane proteins Considering the enzyme localizations reported above, we are suggesting the following hypothesis for the mechanism of action of antidiuretic hormone in the renal collecting duct: (1) hormone-receptor interaction and activation of adenylate cyclase at the contraluminal (basal-lateral) cell membrane; (2) generation of cAMP and its translocation to the luminal (apical) cell membrane; (3) activation of luminal membranebound protein kinase; (4) alteration of the level of phosphorylation of one or more components of the luminal membrane, leading to an increase in its permeability. 
